We previously demonstrated that a b-1,3-, 1,6-oligoglucan (AaGlucan) from the fungus Alternaria alternata 102 shows strong elicitor activity in tobacco BY-2 cells. We have used cDNA microarray analysis to monitor global changes in gene expression in tobacco cells treated with this A. alternata fraction or with laminarin. In total, we identified 265 genes that were induced 1 h after treatment with an AaGlucanenriched fraction or laminarin. Among them, we characterized in detail a novel tobacco R2R3 MYB-type transcription factor homolog (NtMYBGR1) and two DC1 domain-containing genes (NtDC1A and NtDC1B). Microarray data, together with overexpression and metabolic analyses, indicated that NtMYBGR1, but not the NtDC1 proteins, primarily targets the phenylpropanoid synthesis-related genes PAL and 4CL. These results suggest that NtMYBGR1 specifically regulates defense responses in BY-2 cells by enhancing phenylpropanoid metabolism in response to AaGlucan and laminarin elicitors.
Introduction
Plants have evolved anti-microbial defense systems that are triggered by the recognition of conserved pathogenassociated molecular patterns (PAMPs), such as components of the fungal cell wall (Ebel 1998, Shibuya and Minami 2001) . For example, b-glucan and chitin, typical cell wall components of microbes, have been identified as elicitor-active compounds (Nishizawa et al. 1999 , Yamaguchi et al. 2000 . These glycans are proposed to play an important role as general elicitors and inducers of non-host resistance. There is now considerable interest in understanding the signal transduction pathways that connect elicitors to defense responses Dangl 2006, Nurnberger and Kemmerling 2006) . b-Glucans are major saccharide-type elicitors that are active in various plants. For example, the b-1,3-, 1,6-glucans from Phytophythora sojae and Pyricularia oryzae are wellcharacterized and potent elicitors (Sharp et al. 1984 , Yamaguchi et al. 2000 . Laminarin, a b-1,3-glucan from brown marine algae with a low level of 1,6-linkage, induces a defense response in tobacco tissues, most probably mimicking the defense response elicited by cell wall components of microbial pathogens (Klarzynski et al. 2000 , Menard et al. 2004 .
Crude or partially purified microbial cell wall fractions often show elicitor activity in a variety of plants (Takemoto et al. 2003 , Suzuki et al. 2005 . We have previously shown that filtrate from autoclaved Alternaria alternata 102 culture medium has elicitor activity against tobacco BY-2 cells . We subsequently purified an elicitor from the filtrate that is consistent with the b-1,3-, 1,6-glucan oligosaccharide structure and designated AaGlucan (Shinya et al. 2006) . The purified AaGlucan elicited BY-2 cells at ng ml À1 levels, inducing stress-related genes including chitinase, phenylpropanoid synthesis-related phenylalanine ammonia-lyase (PAL) and caffeoyl-CoA O-methyltransferase (CCoAOMT). This was of particular interest, as activation of the phenylpropanoid pathway leads to the accumulation of many compounds that act in structural defense and have antifungal properties (phytoalexins) (Dixon et al. 1996) .
In a comparative study using tobacco tissues, we found that AaGlucan and laminarin each elicited a subset of defense-related genes with comparable expression profiles, including CCoAOMT (Shinya et al. 2006) . A number of genes in the phenylpropanoid pathway are induced both by phytohormones (jasmonates and salicylic acid) and other elicitors, representing a convergence point for these divergent signaling pathways. In order to dissect this complex signal transduction system, it is important to clarify the different stimulus-specific upstream signaling pathways that lead to the activation of the end-effector genes.
In this study, we investigated global changes in gene expression in BY-2 cells treated with laminarin or an AaGlucan-enriched fraction from A. alternata 102. Significantly, the AaGlucan-enriched fraction induced multiple genes with putative roles in signal transduction. To gain a better understanding of the AaGlucan elicitorspecific signaling pathways, we constructed overexpression cell lines for three of the AaGlucan-induced genes: a MYB-type transcription factor (NtMYBGR1) and two zinc-finger proteins (NtDC1A and NtDC1B). Analysis of these overexpression lines suggested that NtMYBGR1 regulates specific genes in the phenylpropanoid biosynthetic pathway in tobacco BY-2 cells, while overexpression of zinc-finger proteins had no significant effect on these genes.
Results

Identification and classification of early glucan-induced genes
In the previous study, we reported that AaGlucan and laminarin elicited a similar response in tobacco tissues with respect to the expression of defense-related genes (Shinya et al. 2006) . To understand better these overall responses and signaling pathways in tobacco, we sought to identify AaGlucan and laminarin early response genes, using a custom-made 16K BY-2 microarray system . BY-2 cells were treated with either laminarin or an AaGlucan-enriched fraction prepared from A. alternata 102 culture medium, and subjected to microarray analysis. Three independent biological replicates of the microarray experiment were performed for all treatments (control; 500 mg ml À1 laminarin; and 10 mg ml
À1
AaGlucan-enriched fraction). Processing of the microarray data produced two data sets: one for genes regulated by the AaGlucan-enriched fraction and one for genes regulated by laminarin, selecting genes whose expression levels were at least 2-fold above or below that of the non-elicited control 1 h after treatment. Compared with the up-regulated genes, only a small number of genes were down-regulated by the AaGlucan-enriched fraction or laminarin (see Supplementary Tables S1A, B , published as Supplementary material at the Plant and Cell Physiology website). In total, we obtained 265 non-redundant genes induced by laminarin and/or AaGlucan (hereafter collectively termed 'glucaninduced') and 20 suppressed genes. The majority of these genes encoded proteins with homology to known proteins in other species (Fig. 1A, B) . Overall, about 60% (160/265) of the glucan-induced genes were annotated to encode proteins with a known or predicted function (Supplementary  Tables S1A, B) .
Comparison of the AaGlucan (94)-and laminarin (255)-induced genes showed a significant overlap of 89% (84/94) (Fig. 1A) . This supports the conclusion of our previous report, that several defense-related genes share common responses to laminarin and AaGlucan (Shinya et al. 2006 ). In general, the level of induction by laminarin was higher than that of the AaGlucan-enriched fraction. Indeed, treatment with 500 mg ml À1 laminarin showed a higher induction of class IV chitinase transcripts in Northern blot analysis than 10 mg ml À1 of the AaGlucanenriched fraction used in the current microarray experiment (data not shown).
Our next objective was to identify signal transducing components connecting the AaGlucan signal with downstream effector genes, such as genes involved in phenylpropanoid metabolism. About 30% (80/265) of the glucan-induced genes were classified as having either a signaling or a sensory function. This was significant, as the estimated number of signaling-related genes was55% of the total genes on the microarray used for this analysis . The list of putative glucaninduced regulatory genes contained eight zinc-finger protein homologs and 10 transcription factor homologs, such as WRKY protein homologs and MYB proteins (Fig. 1C) . Notably, WRKY and MYB transcription factors constitute superfamilies of regulatory genes that are often associated with plant defense responses.
Expression analysis of glucan-induced genes
Semi-quantitative reverse transcription-PCR (RT-PCR) was used to confirm and extend the microarray expression data of selected glucan-regulated genes. In general, the expression of the MYB, DC1 and WRKY genes in BY-2 cells was transiently induced at 0.5-1 h after starting the treatment with AaGlucan ( Fig. 2A) . Expression analysis of genes involved in the phenylpropanoid pathway was also performed using the same samples. These genes were also induced in a transient fashion, although the peaks in expression were observed later at 1-3 h after addition of the elicitor. This timing suggested a possible causative relationship between the regulators and these downstream genes for enzymes involved in the phenylpropanoid pathway.
Because MYB proteins have often been reported as regulators of genes in the phenylpropanoid pathway, for example PAL and 4-coumarate:CoA ligase (4CL) (Sugimoto et al. 2000 , Stracke et al. 2001 , Tohge et al. 2005 , we focused on the glucan-induced expressed sequence tag (EST1502), which encodes the MYB homolog, NtMYBGR1. Induction of this MYB gene preceded the induction of phenylpropanoid genes, as would be expected for an intrinsic transcriptional regulator of the pathway. In addition, we analyzed the role of two elicitor-induced DC1 domain-containing zinc-finger protein homolog genes, tentatively named NtDC1A (EST985) and NtDC1B (EST9305). The DC1 domain was named after a divergent C1 domain that is found in several plant proteins. The function of elicitor-induced DC1 domain proteins in tobacco is still unclear; however, their expression was observed before the expression of genes involved in the phenylpropanoid pathway. It was therefore of interest to compare the function of these DC1 domain genes with the NtMYBGR1 gene which is also expressed early in the response.
Before cloning the full-length cDNA sequences of these genes from tobacco, we used a rigorous quantitative RT-PCR to confirm their expression profiles relative to the expression of genes involved in phenylpropanoid metabolism and tubulin as a control (Fig. 2B) .
Characterization of the AaGlucan-induced NtMYBGR1, NtDC1A and NtDC1B genes A full-length cDNA clone of NtMYBGR1 (DDBJ accession No. AB279612) was isolated using a BY-2 cell cDNA library. The deduced protein sequence of the NtMYBGR1 cDNA revealed significant similarity to the R2R3 DNA-binding domain of the MYB transcription factor family. ClustalW (Chenna et al. 2003) comparison of amino acid sequences of NtMYBGR1 and the 125 Arabidopsis R2R3 MYB genes (Stracke et al. 2001) showed that the NtMYBGR1 protein is most closely related to Arabidopsis AtMYB20 and AtMYB43 gene products, the functions of which are unknown. Detailed analysis of the related sequences revealed a new short conserved motif in the regulatory domain of these proteins
and a serine-rich region, Fig. 3A ), which may have a conserved function in plants.
The two glucan-regulated EST clones NtDC1A and NtDC1B encoded proteins homologous to Arabidopsis zincfinger proteins which contain a DC1 domain (DDBJ accession Nos. NP_181966 and NP_180334, respectively). To confirm the presence of the DC1 domain and analyze the structure of the tobacco proteins, full-length cDNA clones were isolated (DDBJ accession Nos. AB279613 and AB279614 for NtDC1A and NtDC1B, respectively) and the deduced amino acid sequences were subjected to a conserved domain search (Marchler-Bauer and Bryant 2004) . NtDC1A and NtDC1B were found to contain one and two DC1 domains, respectively, including the highly conserved cysteine and histidine residues (Fig. 3B ). Overexpression analysis of NtMYBGR1, NtDC1A and NtDC1B
We overexpressed NtMYBGR1, NtDC1A and NtDC1B full-length cDNA sequences in BY-2 cells, under the control of the constitutive cauliflower mosaic virus (CaMV) 35S promoter. Expression levels of these transgenes in several independent transformants were analyzed by RT-PCR. In comparison with control cell lines carrying an empty vector, increased expression of NtMYBGR1 and NtDC1B genes was observed in several of the transformants. However, the overexpression of NtDC1A could not be detected in any of the Two independent overexpression lines of NtMYBGR1 and NtDC1B were reintroduced in suspension culture. To determine transcriptional targets of these putative regulators, we used the tobacco microarray to analyze the effect of their constitutive overexpression on the expression of other genes. Two control and two transgenic cell lines were grown in standard medium and analyzed at day 4 after subculture. The expression of 83 genes was up-regulated 42-fold in the NtMYBGR1 overexpression lines compared with the control cell lines (Supplementary Table S2 ). Among them, EST5890 (PAL), EST28079 (EDS1) and EST39256 (4CL) had been previously identified in the set of glucan-induced genes at 1 h after treatment (42-fold; Supplementary Table S1A). In contrast, no increase in expression of these genes was observed in the NtDC1B overexpression lines. Another gene induced upon overexpression of NtMYBGR1 was CCoAOMT, previously identified as an AaGlucan-induced gene in tobacco cells (Shinya et al. 2006 ). On microarray analysis, the expression level of CCoAOMT (EST4046) in NtMYBGR1 overexpression lines was 1.8-fold higher than that of control cell lines. Up-regulation of CCoAOMT in NtMYBGR1 overexpression lines was also evident by semi-quantitative RT-PCR analysis (data not shown), suggesting that this gene might be another transcriptional target of NtMYBGR1. C4H (cinnamate 4-hydroxylase, EST39265), a key enzyme in phenylpropanoid pathway, could also be found among the genes up-regulated upon NtMYBGR1 overexpression (Supplementary Table S2 ). In the previous microarray analysis of early glucan elicitor-induced responses, the expression level of C4H was only 1.3-fold higher after laminarin treatment compared with water treatment. This suggests that the expression of this gene may peak later, in a way similar to PALA gene expression (Fig. 2B) .
In summary, our transcriptomic analysis of NtMYBGR1-overexpressing lines revealed two categories of genes whose expression is affected by NtMYBGR1 overexpression. First, multiple genes encoding enzymes involved in phenylpropanoid pathway were identified. These same genes were also up-regulated in response to AaGlucan elicitor and/or laminarin in our previous experiments. Secondly, a large number of the genes up-regulated upon NtMYBGR1 overexpression were not found among the glucan elicitor-induced genes. Induction of these genes might be a secondary effect of constitutive NtMYBGR1 overexpression. For example, phenylpropanoids may gradually accumulate in NtMYBGR1-overexpressing cells, but would not accumulate to a significant degree 1 h after treatment with elicitors in our initial microarray experiment to identify glucan-induced genes.
The elevated expression levels of putative NtMYBGR1 target genes, including known tobacco isoforms of PAL and 4CL genes, were confirmed by quantitative RT-PCR using three control (empty vector-transformed) and three NtMYBGR1 overexpression lines. Using a specific set of primers , we found that two PAL genes (PALA and PALB, accession Nos. D17467 and M84466) as well as two 4CL genes (4CL1 and 4CL2, accession Nos. U50845 and U50846) were significantly induced in NtMYBGR1 overexpression lines (Fig. 4A) . Taken together, the previous time-course expression analyses (Fig. 2) showed that the expression of PAL and 4CL genes followed transient induction of NtMYBGR1 and increased to their maximum levels 3 h after the elicitor treatment and 2 h after the NtMYBGR1 peak. Thus the induction of genes in the phenylpropanoid pathway in NtMYBGR1 overexpression lines strongly suggests that NtMYBGR1 acts as a specific regulator of PAL and 4CL genes in the AaGlucan response.
Additional analysis of the UV-absorbing metabolites in 4-day-old NtMYBGR1 overexpression lines showed that the transgenic cells contained increased amounts of two PALdependent phenylpropanoids, feruloylputrescine (FePU) and caffeoylputrescine (CaPU), relative to control cells (Fig. 4B) . In contrast, the accumulation of these compounds was not observed in NtDC1B overexpression lines, suggesting that NtDC1B is not involved in the regulation of the phenylpropanoid pathway.
We also analyzed whether overexpression of the NtMYBGR1 gene influenced the expression of the NtChitIV gene, a class IV chitinase that is induced by the glucan elicitor (Shinya et al. 2007) . Because this gene is not present on our microarray, we used quantitative RT-PCR to examine its expression. However, we did not observe any increase in NtChitIV expression in the NtMYBGR1 overexpression lines (data not shown). Therefore, it seems that NtChitIV is induced independently of the NtMYBGR1-related signaling pathway and its regulation is distinct from the regulation of the PAL and 4CL genes in the phenylpropanoid pathway. Likewise, no difference in NtChitIV expression was observed in NtDC1B overexpression lines.
R2R3 Myb domain
Conserved motif
Taken together, our analyses indicated that AaGlucan rapidly induces the expression of the NtMYBGR1 gene, leading to metabolic changes through the expression of PAL and 4CL genes.
Discussion
To understand global changes in gene expression that occur in response to glucan elicitors, we have taken a transcriptomic approach complemented by our recently established and well characterized glucan elicitor-tobacco BY-2 cell system , Shinya et al. 2006 , Shinya et al. 2007 ). The tobacco BY-2 microarray has been used previously to monitor global changes in gene expression during cell growth and in response to plant hormones , Galis and Matsuoka 2007 . Analogous to our results reported here identifying the NtMYBGR1 gene as a glucan elicitor-responsive gene, another tobacco C2  C3  T1  T2  T3  C1  C2  C3  T1  T2  T3   C1  C2  C3  T1  T2  T3  C1  C2  C3  T1  T2  T3   C1  C2  C3  T1  T2  T3  C1  C2  C3  T1  T2  T3   0 
Glucan elicitor-induced MYB gene in tobacco cells
MYB transcription factor NtMYBJS1 was previously identified as a methyl jasmonate (MeJA)-specific transcriptional regulator. This gene selectively induced a subset of genes in phenylpropanoid metabolism, directing the accumulation of several phenylpropanoids including FePU and CaPU in BY-2 cells ). In the study presented here, we used our tobacco microarray system to monitor global changes in gene expression in response to laminarin and an AaGlucanenriched fraction. From our previous work, AaGlucan was proposed to be the major elicitor in the filtrate because the AaGlucan-deprived fraction obtained through the purification procedure did not induce chitinase activity (Shinya et al. 2006) . Here, the glucan-regulated genes were confirmed to be induced upon treatment with purified AaGlucan (Fig. 2) . Microarray analysis showed that a large proportion of the AaGlucan-enriched fraction-induced genes were also induced by laminarin. This suggests that these two elicitors may, at least in part, share a common downstream signaling pathway, leading to induction of common defense genes. In addition to these results obtained using BY-2 cell cultures, in our previous study with plant tissues, AaGlucan and laminarin have already been shown to induce similar responses at the level of gene expression (Shinya et al. 2006) . Despite the generally common pattern of genes induced by both elicitors, our microarray data showed that a number of genes were induced by laminarin but not by addition of AaGlucan. One possible explanation could be that a significantly higher concentration of laminarin (500 mg ml
À1
) compared with AaGlucan (10 mg ml À1 ) was used in the experiment, and this difference in concentration might be reflected in the number of genes induced 2-fold over the control. We have previously observed a higher induction of class IV chitinase with laminarin than with the AaGlucan-enriched fraction under these concentrations, suggesting that the differences may be of a quantitative rather than qualitative nature. Indeed, most of the 'laminarin-specific' genes were also 'up-regulated' by the AaGlucan-enriched fraction but below the arbitrarily chosen 2-fold threshold. Nevertheless, we cannot rule out the possibility that carbohydrate-modulated genes may be induced with high concentrations of laminarin in the media (Rolland et al. 2002) , or BY-2 cells may have independent systems which are used to sense laminarin and which are used to transmit the AaGlucan signal.
Microarray analysis of global gene expression in cells treated with the glucan elicitor identified a large number of glucan-induced genes. Among these early response genes, various putative signal transduction-related genes were identified, including genes encoding MYB proteins, zinc-finger proteins and WRKY-type proteins. Therefore, it is likely that multiple parallel signaling pathways are activated by AaGlucan. Interestingly, a similar response has been found in Arabidopsis thaliana challenged with flg22 (Navarro et al. 2004) . In this case, about 50% of the elicitorregulated gene products were predicted to be involved in signal transduction-related or signal perception-related pathways. In cultured rice cells, various genes of signal transduction-related or signal perception-related pathways were also induced by the treatment with lipopolysaccharide and chitin oligosaccharide, which are typical PAMP elicitors (Desaki et al. 2006 ). Interestingly, OsMYB51B, which has the same conserved motif also found in NtMYBGR1 (Fig. 3A) , was induced by chitin and by lipopolysaccharide treatment. Furthermore, our list of glucan response genes contained a number of putative defense-related genes that were previously identified by application of differential display screening techniques in tobacco (Takemoto et al. 2003) . For example, the glucan elicitor-induced EST9214 (BP136605, Nt-SubE80) has been identified as an oomycete elicitor-induced gene by subtractive hybridization in tobacco. Although the function of this protein is unknown, it might play an important role in the plant defense response.
Among the glucan-regulated genes, we focused on the NtMYBGR1 gene as a potential regulator of genes involved in phenylpropanoid metabolism. More than a hundred R2R3 MYB genes have been identified in the A. thaliana genome (Stracke et al. 2001) . In tobacco, multiple MYB proteins have been reported to date, such as the well characterized NtMYB2 and NtMYBJS1 gene products (Sugimoto et al. 2000 . To understand the large degree of diversity in R2R3 MYB genes, it is important to clarify the individual function of each transcription factor and the downstream components of its signaling pathway. Microarray analysis of the NtMYBGR1 overexpression line showed that transgenic cells accumulated transcripts of genes involved in the phenylpropanoid pathway that were also induced by treatment with AaGlucan (Fig. 4A) . Furthermore, transgenic cells contained increased amounts of the phenylpropanoid polyamine conjugates, FePU and CaPU (Fig. 4B) . These results indicate that NtMYBGR1 works as a key mediator in the signal transduction pathway between AaGlucan signal perception and phenylpropanoid synthesis. In tobacco tissue, as well as in BY-2 cells, transcriptional regulation of genes involved in the phenylpropanoid pathway by AaGlucan has been reported previously (Shinya et al. 2006) . We have extended this finding to show that NtMYBGR1 responds specifically to AaGlucan in tobacco tissue and plays a role in the regulation of genes involved in the phenylpropanoid pathway by AaGlucan.
In tobacco, NtMYB2 was characterized as a wounding-and elicitor-induced R2R3 MYB gene that activates the PAL gene through the binding to L-box-and P-boxbinding sites in the PAL promoter (Sugimoto et al. 2000) .
NtMYBJS1 also activates PAL transcription in the response to MeJA through binding to the aacc motif ) that is found in the P-box. Because the amino acid sequence of the R2R3-MYB domain of NtMYBGR1 has high homology to those of NtMYB2 (69% identity) and NtMYBJS1 (68% identity), similar cis-element sequences might be targeted by NtMYBGR1. Indeed, our NtMYBGR1ox line displayed a similar phenotype to the NtMYBJS1ox line, with up-regulated phenylpropanoid pathway genes and accumulation of phenylpropanoid compounds. Furthermore, we performed promoter analysis using the cis-element signal scan perch of PLACE (Higo et al. 1999 ). Among glucan-induced genes, 5 0 -flanking promoter regions have been identified for the tobacco ethylene-responsive element-binding factor (EST6277/AB016266) and the plant defense gene hsr203J (EST10752/X77136). These genes were not up-regulated in our NtMYBGR1ox line and, as expected, a motif named MYBPLANT ([A/C]ACC[A/T]A[A/C]C) that includes P-box and aacc motifs, was not found in their 5 0 -flanking regions. Based on tentative analysis, we propose that the P-box (aacc motif) is a good candidate for the target cis-element motif of NtMYBGR1. Experimental identification of NtMYBGR1-binding cis-elements and comparison with already known MYB-binding cis-elements are very important targets for future work towards elucidation of plant defense mechanisms.
In contrast to the NtMYBGR1 overexpression line, analysis of the NtDC1B overexpression line did not reveal any significant differences in gene expression, and only two genes showed elevated expression among glucan-induced genes. Because NtDC1A and NtDC1B were induced early and strongly by AaGlucan treatment, NtDC1 genes most probably contribute to other aspects of elicitor-induced signaling. Future analysis of the role of DC1-containing proteins will be necessary to characterize the target(s) of these proteins and their mechanism(s) of action. The induction of small numbers of genes in NtDC1B-overexpressing cells will provide an ideal experimental system to analyze the cellular roles of DC1-containing proteins.
Plants possess multiple MYB genes with apparently diversified function (Stracke et al. 2001) . In tobacco, it has been shown that NtMYBJS1 induces the expression of genes involved in the early steps of the phenylpropanoid pathway, particularly PAL and 4CL, leading to the enhanced accumulation of FePU and CaPU . NtMYB2 also induces the PAL gene upon wounding and treatment with elicitors (Sugimoto et al. 2000) . In this context, it seems that various stimuli such as AaGlucan, MeJA and/or wounding induce their respective MYB transcriptional factor genes, NtMYBGR1, NtMYBJS1and NtMYB2, to induce phenylpropanoid metabolism through the same transcriptional target genes encoding enzymes involved in the phenylpropanoid pathway.
Materials and Methods
Plant cell cultivation and elicitor treatments
The cultured tobacco cell line BY-2, derived from Nicotiana tabacum L. cv. Bright Yellow No. 2, was maintained in LSD medium at 28 C in the dark with rotation (Matsuoka and Nakamura 1991) . BY-2 cells were transferred into fresh medium each week. After the last transfer, the cells were cultured for 4 d (4 d subculture) and used in the experiments described herein.
Elicitor preparation from Alternaria alternata 102
For microarray analysis, we used laminarin and an AaGlucan-enriched fraction from A. alternata 102 culture medium. Laminarin was purchased from Sigma (St Louis, MO). The AaGlucan-enriched fraction from A. alternata 102 culture was prepared by a modified protocol described previously (Shinya et al. 2006) . In brief, the methanol-insoluble and water-soluble fraction of lyophilized materials from autoclaved A. alternata culture medium (Shinya et al. 2006 ) was mixed with 1/5 vol. of n-butanol : chloroform (5 : 1, v/v) with shaking at room temperature and then allowed to stand to enable separation into three layers. The bottom layer was transferred into 1/5 vol. of n-butanol : chloroform (5 : 1, v/v) and mixed as described above. This mixing and separation routine was repeated five times. After removing the top and interfacial layers by aspiration, the bottom layer was lyophilized. The lyophilized material was dissolved in distilled water and run on a Sephadex LH-20 gel filtration chromatography (18.8 cm Â 2 cm). The sample was separated into three major fractions by elution with distilled water. The fraction with the highest elicitor activity was lyophilized and the lyophilized materials were then mixed with 1 N NaOH. Insoluble material was removed by centrifugation and the resultant supernatant was adjusted to pH 6 with acetic acid. Methanol was added to the resulting solution to 75%. The solution was left to stand until a precipitate appeared. The supernatant, which contained most of the elicitor activity, was used as the AaGlucan-enriched fraction. For gene expression analysis by RT-PCR, AaGlucan was prepared from the filtrate of autoclaved A. alternata 102 culture as described previously (Shinya et al. 2006) .
RNA isolation
For microarray analysis, total RNA was prepared using TRIzol reagent (Invitrogen, Carlsbad, CA) essentially as described in the manufacturer's protocols. The poly(A)-rich RNA fraction was isolated from total RNA using a GenElute mRNA Miniprep Kit (Sigma) in two subsequent runs of purification following the Miniprep Kit protocol. Under these conditions, the level of contaminating rRNA was usually below 5%, as determined by a 2100 BioAnalayzer (Agilent, Palo Alto, CA) during an mRNA quality check. RNA for semi-quantitative and quantitative RT-PCR analysis was isolated from BY-2 cells as described previously ).
Microarray analysis
Microarray analyses were performed using a custom 16K BY-2 microarray system as described previously ).
Glucan elicitor-induced MYB gene in tobacco cells
Semi-quantitative and quantitative RT-PCR analysis
For RT-PCR, first-strand cDNA was prepared with M-MLV reverse transcriptase (Promega, Madison, WI) using 1 mg of DNase-treated total RNA (1 U of RQ1 RNase-free DNase mg À1 total RNA) as a template in a 25 ml reaction volume. The quantitative RT-PCR was performed in a Light Cycler (Roche Applied Science, Mannheim, Germany) with a QuantiTect SYBR Green PCR Kit (Qiagen, Hilden, Germany), essentially as described in the manufacturer's instructions, using a specific set of primers for each amplified gene (see Supplementary Table S3) . Conventional PCR for microarray validation purposes was performed with the same cDNA templates and a GeneAmp PCR system 9700 (Applied Biosystems, Foster City, CA).
Cloning of full-length cDNAs for NtMYBGR1, NtDC1A and NtDC1B, and expression of these proteins in tobacco BY-2 cells Insert sequences of the EST clones for NtMYBGR1, NtDC1A and NtDC1B were determined and then specific primers for these sequences were synthesized. Using these primers and primers for the vector sequence, 5 0 and 3 0 regions for these cDNAs were amplified by PCR using a tobacco cDNA library. After determination of the sequences of the PCR products, specific primers with either BglII or NotI restriction sites were synthesized. Then, open reading frames (ORFs) of NtMYBGR1 and NtDC1A were amplified by RT-PCR using a specific set of primers containing restriction sites (BglII-NotI). A cDNA library from BY-2 cells was used as a template. After PCR, products were subcloned in the pGEM-T easy vector (Promega), and ORF DNA sequences of NtMYBGR1and NtDC1A genes were restricted with BglII-NotI and introduced into (BglII-NotI) sites of the pMAT137 binary vector (Yuasa et al. 2005) under the control of the enhancerduplicated CaMV 35S promoter. ORFs of NtDC1B were amplified by RT-PCR using a specific set of primers containing restriction sites (BglII-NotI). First-strand cDNA was prepared from BY-2 cells using the protocols described above. PCR products were subcloned in a pGEM-T easy vector (Promega), which was digested with XbaI-NotI and introduced into (XbaI-NotI) sites of the pBluescript vector (Stratagene, La Jolla, CA). The construct was digested with BamHI-NotI and introduced into (BglII-NotI) sites of the pMAT137 binary vector. BY-2 cells were transformed with binary vector constructs as described previously (Matsuoka and Nakamura 1991) .
Extraction and HPLC analysis of phenolic compounds
The cells for metabolite analysis were collected on filter paper and freeze-dried before homogenization and extraction in 80% methanol (0.1 ml mg À1 dry weight). HPLC analysis of the phenolic substrates was performed with the Ä KTA Explorer reversed phase-HPLC system (Amersham Pharmacia Biotech, Uppsala, Sweden) with a RP8 Symmetry Shield column, 250 mm Â 4.6 mm i.d. (Waters, Milford, MA) using optimized HPLC conditions . The compounds were quantified on the basis of caffeic and ferulic acid standards as described previously ).
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